We present new integrated light spectroscopy of globular clusters in NGC 5128, a nearby giant elliptical galaxy less than 4 Mpc away, in order to measure radial velocities and derive ages, metallicities, and alpha-element abundance ratios. Using the Gemini South 8-meter telescope with the instrument GMOS, we obtained spectroscopy in the range of ∼ 3400 − 5700Å for 72 globular clusters with signal-to-noise greater than 30Å −1 and we have also discovered 35 new globular clusters within NGC 5128 from our radial velocity measurements. We measured and compared the Lick indices from Hδ A through Fe5406 with the single stellar population models of Thomas et al. (2003) and Thomas et al. (2004) , and 18% have young ages (< 5 Gyr). However, when we look at the metallicity of the globular clusters as a function of age, we find 92% of metalpoor GCs and 56% of metal-rich GCs in NGC 5128 have ages > 8 Gyr, indicating that the majority of both metallicity subpopulations of globular clusters formed early, with a significant population of young and metal-rich globular clusters forming later. Our metallicity distribution function generated directly from spectroscopic Lick indices is clearly bimodal, as is the color distribution of the same set of globular clusters. Thus the metallicity bimodality is real and not an artifact of the color to metallicity conversion. However, the metallicity distribution function obtained from comparison with the single stellar population models is consistent with a unimodal, bimodal, or multimodal shape. The [α/Fe] values are supersolar with a mean value of 0.14 ± 0.04, indicating a fast formation timescale. However, the GCs in NGC 5128 are not as [α/Fe] enhanced as the Milky Way GCs also examined in this study. Our measured indices also indicate that the globular clusters in NGC 5128 may have a slight overabundance in nitrogen and a wider range of calcium strength compared to the Milky Way globular clusters. Our results support a rapid, early formation of the globular cluster system in NGC 5128, with subsequent major accretion and/or GC and star forming events in more recent times.
INTRODUCTION
The star formation history of early-type galaxies is quite complex with evidence supporting episodes of star formation at both high and low redshifts. At high redshifts (z > 2), the formation of the bulk of the galactic stellar component is supported by, for example, the fundamental plane relation (Djorgovski & Davis 1987; Dressler et al. 1987; Treu et al. 1999) in the monolithic collapse scenario (Eggen et al. 1962; Tinsley 1972; Larson 1974 Larson , 1975 Silk 1977; Arimoto & Yoshii 1987) . The hierarchical merging scenario (Toomre 1977; White & Rees 1978; Peebles 1980; White & Frenk 1991; Kauffmann et al. 1993; Baugh et al. 1998; Cole et al. 2000; Somerville et al. 2001) on the other hand, predicts a range of formation timescales for the stellar component down to much lower redshift values. In the extreme case, gas-rich merging galaxies are seen today where young star clusters, for example in NGC 4038/4039 (Whitmore & Schweizer 1995) , and/or young and intermediate aged globular clusters (GCs) have been detected, indicating that GCs, as well as a fraction of the stellar component of the galaxy can form at z ≤ 1.
The key to understanding the formation epochs of these types of galaxies is through their star formation history. Most early-type galaxies are too distant to resolve stars from which we can measure their ages directly. Unresolved light studies are difficult as well, as they are hindered by the age-metallicity degeneracy (Mould & Aaronson 1980 , and references therein) as well as internal extinction in the galaxies.
GCs, on the other hand, are essentially coeval structures that form with nearly single age and single metallicity. They have been used, therefore, as powerful tools to trace the complex star formation history of early-type galaxies. Their internal properties, such as ages and metallicities are used as representations of the overall stellar component of the galaxy. We also benefit from the use of GCs as they do not suffer from problems involving internal reddening. GCs can be used as good tracers of the time period of early-type galaxy formation because we can determine their ages, metallicities, and alpha-enhancements through their spectra. By examining the ratio of GCs that are old to GCs with younger ages, as well as comparing the age difference between metal-rich and metal-poor GCs, we can determine which formation scenario is dominant.
Previous studies using photometry to determine ages and metallicities of GCs are plagued with age-metallicity degeneracies, especially in the optical regime (Worthey 1994) . One way to avoid the age-metallicity degeneracy using photometry is through the use of (near-)infrared data, which is mainly sensitive to the metallicity of the red giant branch, combined with optical data, sensitive to both age and metallicity. This technique has been shown to be effective at distinguishing between GC populations that appear to be single-aged and old such as NGC 7192 (Hempel et al. 2003) , NGC 1399 (Kundu et al. 2005) , and NGC 3115 (Puzia et al. 2002) , versus those with a wide spread of ages such as NGC 4365 (Puzia et al. 2002; Kundu et al. 2005 ) and NGC 5846 (Hempel et al. 2003 (Hempel et al. , 2007 . However, a sample of GCs in NGC 4365 with intermediate ages were found to have old ages using spectroscopic techniques . These color indices are also not precise enough to be useful for individual GCs or to derive genuine age distribution functions.
Spectroscopy allows us to determine the internal properties of individual GCs as long as we have high signalto-noise data. The measurement of the strength of absorption line features in the spectra enables us to obtain ages, metallicities, and [α/Fe] through comparison with SSP models. This technique enables the collection of a significant fraction of both metal-rich and metal-poor GC data in one environment that can show the formation epoch(s) and chemical composition at the time of formation of the GCs within one early-type galaxy.
The proximity of NGC 5128 makes this early-type galaxy extremely attractive to conduct a large, homogeneous age and metallicity study (3.8 ± 0.1 Mpc Harris et al. 2009 ). Features within this galaxy (the dust lane and faint shells (Malin 1978) , visible star formation from the interaction of the radio jet with the shells of HI (Graham 1998) , and a young tidal stream in the halo (Peng et al. 2002) ) are recent phenomena which will have little bearing on the much older GC population.
Previous studies have been able to obtain spectroscopy for GCs in many different galaxies to determine global properties of the metal-poor versus metal-rich clusters (Puzia et al. 2005a; Strader et al. 2005; Sharina et al. 2006, among others) . Within NGC 5128, we should be able to determine whether there is a significant fraction of young or intermediate-aged GCs, or if the majority are old, similar to their Milky Way GC counterparts. Our primary goal is to use a large and high signal-to-noise (S/N) sample of GC spectra within NGC 5128 to obtain the relative age difference between the metal-rich and the metal-poor clusters. Currently, we have the advantage of knowing over 415 GCs in NGC 5128 which have been confirmed with either radial velocity measurement and/or HST images cataloged in Woodley et al. (2007) . This catalog has provided the database from which we selected our target objects.
We present our results in the sections below: section 2 describes our data set and its reduction; section 3 describes the radial velocity measurements obtained and the confirmation of newly discovered GCs; section 4 describes the calibration of our data and our resulting ages, metallicities, and [α/Fe]; section 5 discusses our findings; and we conclude in Section 6.
DATA SAMPLE AND REDUCTION TECHNIQUES

Gemini/GMOS Dataset
We obtained low-resolution spectroscopy of known and candidate GCs with the Gemini South 8-meter telescope using the Gemini Multi-Object Spectrograph (GMOS). We placed 8 fields around the center of NGC 5128, covering the inner 15 kpc of the halo over two observing periods, program IDs GS-2005A-Q-28 (PI: William E. Harris) and GS-2007A-Q-55 (PI: Doug Geisler). The GMOS instrument allows us to obtain spectroscopy of multiple objects in each 5.5
′ field of view. The 8 masks each contained between 18 and 25 objects observed through 0.5 ′′ slits, totalling 176 objects (see Table 1 ). Typical exposures were taken in multiples of 1800 second intervals, totalling 3 − 3.75 hours per field. The central wavelengths were split among 447 nm, 450 nm, and 453 nm in order to interpolate across the chip gaps between the CCDs. The mean wavelength coverage of the data is ∼ 3400 − 5700Å, safely including the major absorption features, in the blue region of the spectra from Ca H+K to redward of Mgb, for the majority of our target objects. All exposures used no filter and the grating B600+G5232 with a blaze wavelength of 461 nm. The 2005 data were binned 4 times in the spectral and 2 times in the spatial direction and a spectral resolution of 1.8Å/px. The 2007 data were binned 2 times in the spectral and unbinned in the spatial directions and a spectral resolution of 0.9Å/px. A gain of 2.07 e − /ADU and a readout noise of 3.69 e − for all data were chosen. Each science exposure was bracketed by flat field exposures and a CuAr calibration arc with the same configuration and central wavelength. However, the 2005 data had arcs taken only at 450 nm, so we shifted the arcs using the 5577Å night-sky emission line to calibrate the 447 and 453 nm exposures. The biases were downloaded from the Canadian Astronomy Data Centre in the Gemini archive and were taken within the same month as each science exposure.
Data Reduction
The data reduction was completed with the Gemini package in IRAF 8 . Initially, the data were prepared with the task gprepare followed by the bias and trimming of the science fields and flat fields as well as overscanning and trimming the calibration arcs (gsreduce). The 3 CCD chips of the calibration arcs were mosaiced (gmosaic) and the slits were individually cut (gscut). The calibration arcs were then used to calibrate the data from pixel-towavelength using known spectral features (gswavelength) and the flat fields were prepared by fitting the response functions of the detectors in each CCD chip (gsflat). A bad pixel mask was created for each CCD chip which replaced the dead pixels and the hot pixels found in the flat fields and bias frames, respectively (imreplace). The masks were then used to replace the bad pixels in the science and flat fields (fixpix). The task gsreduce was used again to flat field, interpolate over the gaps, and mosaic the 3 CCD chips in the science spectra. A task called mosproc, written by Bryan W. Miller, and explained in detail in Trancho et al. (2007) was then used to perform the remaining tasks. The cosmic ray subtraction in mosproc was done with the van Dokkum (2001) Laplacian edge detection algorithm. The task gstransform was then used to rectify and apply the calibration to each spectra which were then traced, background sky subtracted, and then extracted into one-dimensional spectra with gsextract. Lastly, a quantum efficiency correction was applied to the data (gecorr).
Following the pre-reduction described above, on every exposure we isolated the segments containing each Lickindex feature and surrounding continuum. We used 20 Lick features from Hδ A to Fe5406. Each index was then cross-correlated using fxcor in the IRAF package rv with a template spectrum of a globular cluster in M31, 158-213 (Puzia et al. 2002) , which was shifted to a velocity of 0 km s −1 . This yielded a measured radial velocity for each of the 20 features in each exposure (to be discussed in greater detail in Section 3). We then flux calibrated each individual science spectrum using standard stars taken for our observations and obtained from the CADC. Our standard stars were EG21 for the 2005 data and LTT4364 for the 2007 data. The sensitivity file as a function of wavelength was generated for the standard stars (gsstandard) and applied to the science spectra with calibrate which also corrected for extinction. Following the flux calibration, each individual exposure was then shifted to 0 km s −1 (dopcor) and then sum combined appropriately (scombine) for each GC.
RADIAL VELOCITY MEASUREMENTS AND NEWLY CONFIRMED GLOBULAR CLUSTERS
We used any spare space on our masks not occupied by a known GC in NGC 5128 to search for previously unidentified clusters. Our candidate GCs were selected from color, magnitude, and point spread function subtraction from Gemini pre-images for the 2005 dataset (i filter) and from 1.2 × 1.2 deg 2 Magellan/Inamori Magellan Areal Camera and Spectrograph (IMACS) images (R filter) taken in 0.5 ′′ seeing , in preparation, and described briefly in Gómez & Woodley 2007) for the 2007 dataset. At the low galactic latitude of NGC 5128 (b = 19 o ), we expect contamination from both background galaxies and foreground stars in the Milky Way that can have colors and magnitudes expected for normal GCs, but a powerful way to securely classify candidate objects as GCs is through radial velocity measurements. It has been shown in previous spectroscopic studies that GCs in NGC 5128, have typical v r = 200 − 1000 km s −1 and are thus distinguishable from foreground stars, v r 200 km s −1 and background galaxies, v r > 1000 km s −1 (see Peng et al. 2004b; Woodley et al. 2005; Beasley et al. 2008 , for examples) at a very high level of confidence.
We obtained spectra for 101 known GCs (13 of which were measured twice) and 60 new candidate GCs. Of our candidates, 35 satisfied the velocity criterion of v r = 200 − 1000 km s −1 with two of these clusters measured twice. Of the remaining candidates, we ended up with 18 stars, 5 background galaxies, and 2 objects for which we were unable to obtain any correlation with our template GC. It is important to note the difference in confirmation of candidates as genuine GCs from the 2005 and 2007 observations. The typical selection of GCs from GMOS pre-images with 1 ′′ seeing yielded a 56% hit rate of confirmed GCs. In 2007, we used high quality IMACS images for candidate selection. With the higher spatial resolution of these images, taken in excellent seeing (0.5 ′′ ), we achieved an 85% hit rate.
The S/N of the GC data, measured between 4700Å − 4830Å, ranged from ∼ 10 − Tables 2  & 3 list the results for the previously known GCs and the 35 newly confirmed GCs. The tables list the cataloged name of the GC, the old literature name of the GCs (for previously known GCs), the R.A. and Decl. in the J2000 epoch, the mask/field number and slit number (designated by m and s, respectively), the approximate S/N perÅ measured around 4765Å, and the radial velocity obtained from our cross-correlation technique. For Table 2 , the final column is the weighted mean of all previously published radial velocity measurements for that GC including the radial velocity determined in this study. The remaining columns in Table 3 are the C, M, and T 1 Washington photometry with associated uncertainties from . Figure 2 shows the radial velocity distribution of our known and newly confirmed GCs. The duplicate velocities obtained for the GCs follow a 1:1 correlation quite closely with an rms error ±32 km s −1 from the least squares fit. This tight correlation indicates a strong reproducibility in our radial velocity measurements. The velocities that we obtained for the previously measured GCs matched well with those in the literature, except for three cases. GC0049 (Peng et al. 2004b ), GC0188, and GC0226 (both from Beasley et al. 2008 ) (see the bottom panel of Fig. 2 ) have had only one previous radial velocity measurement and the latter two cases had high radial velocity uncertainties. All the measurements are still consistent with being genuine GCs. There appears to be a potential scale difference between our measured velocities and the cataloged velocities. For the GCs in common, there is an average radial velocity uncertainty of 34 km s −1 in our study and 39 km s −1 in the catalog. We have not been able to find any reason for this difference, however, the offset or scale error between the two datasets is not significant within the these measurement uncertainties.
Of our candidate objects, 4 had velocities between 150 − 250 km s −1 indicating these objects may either be GCs or Milky Way foreground stars. With the quality of most spectra obtained for radial velocity studies, it is not a simple task to distinguish between these two types of objects. We decided to measure the structural parameters of these 4 objects using our IMACS images of NGC 5128 in combination with our velocity and photometry information to help distinguish between either foreground stars or GCs. To do this, we used the code ISHAPE (Larsen 1999 (Larsen , 2001 ) which convolves the stellar point spread function with an analytical King profile (King 1962) and compares the result with the input candidate image achieving a best match. The structural parameters measured from the models are the core radius, r c , the tidal radius, r t , the concentration parameter, c = r t /r c , and ellipticity. The half-light radii can also be obtained from the transformation, r e /r c ≃ 0.547c 0.486 which is good to ±2% for c > 4 (Larsen 2001) , which is satisfied for GCs in NGC 5128 (see Gómez & Woodley 2007) . Based on their structural parameter values compared to normal GCs in NGC 5128 (Gómez & Woodley 2007 ) (as well as their velocities and photometry) we classify 3 of the 4 candidates as GCs (GC0463, GC0467, and GC0471).
The luminosity function of our newly confirmed GCs is shown in Figure 3 , along with the entire GCS and the GCs with ages, metallicities, and [α/Fe] obtained in this study. On average, our newly confirmed GCs are fainter than the globular cluster system (GCS) turnover magnitude. This is not surprising as our long GMOS exposures permitted us to get good radial velocity measurements on fainter objects. Our targetted GCs for measurement of age, metallicity, and [α/Fe] were brighter than the average cluster in the system. This is also expected as we targetted the brightest GCs to meet the high S/N requirement of this study.
RESULTS
The Lick Index System
The standardized Lick index system (Burstein et al. 1984; Worthey et al. 1994; Worthey & Ottaviani 1997; Trager et al. 1998 ) provides a framework of recipes to measure the strength of absorption line features in lowresolution spectra. These calibrated Lick index measurements can be compared to SSP models in order to estimate their ages, metallicities, and [α/Fe].
The Lick indices were measured using the code called GONZO described in full in Puzia et al. (2002) . This code measures the line index of each Lick feature according to the observer's definition of equivalent width ). This measures the difference between the flux of the feature compared to its pseudocontinuum. For this study, we have used the passband and pseudo-continuum definitions of Worthey et al. (1994) and Worthey & Ottaviani (1997) . The input spectra and variance spectra are used within GONZO to generate the uncertainty of the Lick index measurements through the addition of Poisson noise via 100 MonteCarlo simulations. The indices are measured on the noise enhanced spectra and the 1σ standard deviation of the measured index is the total Lick index uncertainty.
The calibrated indices and their bootstrapped uncertainties are listed in Tables 4 & 5 , respectively. For GCs that were measured more than once, only the indices for the highest-S/N spectra and/or the spectra which had the most measureable indices are listed. For some red indices there is no recorded measurement due to the placement of the GC on the mask. For most of these latter objects, it is was therefore not possible to obtain ages, metallicities and [α/Fe] from the SSP models.
Data Calibration to the Lick System
Our GMOS data were calibrated onto the Lick system with a secondary standard star method. Beasley et al. (2008) have obtained spectroscopy of GCs in NGC 5128 using the Anglo Australian Telescope (AAT) + 2dF and have calibrated their measured indices to the standard Lick index system with 12 Lick standard stars. We have a number of GCs in common with Beasley et al. (2008) from both our 2005 and 2007 GMOS data sets. We show the comparison of the indices in Figure 4 for the 2005 data and Figure 5 for the 2007 data. The number of calibrating GCs in common (once deviants > 2σ have been removed) ranged from 14 − 22 with an average of ∼ 18 for the 2005 data and 9−16 with an average of ∼ 14 for the 2007 data. From Figs. 4 & 5,  it is clear that a simple zeropoint shift is a valid correction of our system to the standard Lick system. The mean shift between the AAT and GMOS data sets was then applied to the GMOS data in order to calibrate it to the Lick system. Our typical shifts were 0.41Å and 0.10 mag.
We also took integrated light spectroscopy for 40 Milky Way GCs (excluding NGC 6254 from the 41 available spectra) from Schiavon et al. (2005) available online. We measured their absorption features and calibrated them to the Lick system using 11 GCs in common with Puzia et al. (2002) . We added one additional GC, NGC 6981, from Puzia et al. (2002) that was not included in Schiavon et al. (2005) . The comparisons of the Lick indices and the adopted shifts are shown in Figure 6 . The indices Fe4383 and Fe5015 were not used in these results because the spectroscopy from Schiavon et al. (2005) had defects from the CCD or poor sky subtraction in the regions of these two features. We obtained ages, metallicities, and [α/Fe] of the Milky Way GCs with the same methodology as we did for GCs in NGC 5128. In this way, we permit the most direct possible comparison between the two galaxies.
The Measured Lick Indices
In Figure 7 (Thomas et al. 2003) . Overplotted are the SSP models of Thomas et al. (2003) and Thomas et al. (2004) for the grids of [α/Fe]= 0.
We see the majority of GCs for both systems lie off the model grids with extremely old ages that would be inconsistent with the WMAP age of the Universe (Spergel et al. 2003) . This is a general problem for all studies of integrated light GC spectroscopy applied to the presently available model grids. The internal uncertainties for indices from high-S/N spectroscopy are very low, as seen in Fig. 7 , and these measured uncertainties will not get much lower for extragalactic GCs because S/N> 100 is hard to achieve. However, we still find that they generally do not match the model grids of SSPs. The SSP models are calibrated on the integrated-light optical pho-tometry of Milky Way GCs and high-resolution spectroscopy of individual member stars. There must be further astrophysics, therefore, that needs to be incorporated into these models in order to directly match the indices of GCs.
Also shown in Fig We can also look at the diagnostic plots of indices that provide information on the abundances of calcium, carbon, and nitrogen (Tripicco & Bell 1995) in Figure 8 . The strength of the calcium index is shown in the diagnostic plot of Ca4227. There is a large amount of scatter, both overabundant and underabundant for the GCs in NGC 5128, unlike the Milky Way GCs which follow the SSP model grids quite closely. However, the calibrations of Ca4227 to the Lick index system, shown in Figs. 4 & 5, have a large scatter which could artificially produce the calcium scatter seen in Fig. 8 The index strengths of G4300 and C 2 4668 have been shown to have sensitivity to carbon abundance but only weak sensitivity to the nitrogen abundance (Tripicco & Bell 1995) . In Fig. 8 , we see a mild overabundance in G4300, but not in C 2 4668. The C 2 4668 index appears to have a small scatter centered on the model grids. This indicates that the GCs in NGC 5128 may have a slight overabundance in nitrogen and a wider range of calcium index strength compared to the Milky Way GCs. The implication of this result, however, is unclear. Puzia & Sharina (2008) found evidence for a varying nitrogen abundance with little evidence for a carbon enhancement in their recent study of GCs in low surface brightness dwarf galaxies. Our abundance trends for these elements do, however, agree with the general results of GCs in M31 (Puzia et al. 2005b ), which as a giant galaxy of comparable luminosity to NGC 5128 is likely to be a closer analog than the dwarfs. More evidence is needed to understand if the abundance trends found in GCs have environmental dependences.
The ages, metallicities, and [α/Fe] were determined by iterating between the measured indices and the SSP models of Thomas et al. (2003) and Thomas et al. (2004 ) (described in Puzia 2003 Puzia et al. 2005a ). The indices used in the iteration process are the Balmer lines, Mg 2 , Mg b , Fe5270, and Fe5335. For the GCs that fall outside of the model grids, a value of 15 Gyr in age is assumed. Typically these GCs have a higher uncertainty in their measured index and thus a lower weighting in the final generated age value attributed to the GC. The measurement routine iterates between the diagnostic plots of indices and once convergence is reached it provides an age, a metallicity and an [α/Fe] estimate and their uncertainties for each input GC (see Table 6 ). With our Lick index measurement routines, we are able to obtain low internal statistical uncertainties on the ages (∆t/t ∼ 0. Table 6 for the multiple measurements).
The ages for the Milky Way GCs determined in this study can be directly compared to relative ages recently derived by Marín-Franch et al. (2008) , obtained from main sequence fitting on HST/ACS color magnitude diagrams of 64 Milky Way GCs. This comparison provides an excellent external validation on the Lick index ages that we derive for the NGC 5128 GCs. The comparison of the 24 overlapping Milky Way GCs with this study is shown in Figure 9 . Clearly, the two techniques do not produce a precise 1:1 correlation in their results, however the ages derived by both studies are consistently old. The scatter shows the Lick index routine underestimates the ages of the Milky Way GCs by about 1 Gyr for the younger GCs, while it overestimates the ages for the oldest GCs. This could lead to an artificial spread in our determined ages for the GCs in NGC 5128 and may overestimate the number of young GCs. We note that the horizontal spread in data is about twice as large as the vertical spread, indicating that the internal scatter of the main sequence fitting routine is about 1/2 of the Lick system method. Figure 10 shows the age, metallicity, and [α/Fe] distributions for 72 individual GCs in NGC 5128 with S/N> 30Å −1 and for 41 Milky Way GCs. The histograms have been fit with Gaussian distributions using the statistical code RMIX 9 , a library written with the statistics programming language, R. RMIX allows a range of multimodal fitting, including the functional form of the curve, and hetero-and homo-scedastic fitting cases. The histograms have been fit with unimodal, bimodal, and trimodal Gaussian distributions, with the fitted values as well as reduced χ 2 listed in Table 7 . We have also included in Table 7 the probability, listed as the p-value, that the data are drawn from this distribution. When there is no result listed in the table, we were unable to obtain a fit using RMIX. The fits with the lowest reduced χ 2 are shown as solid lines in Fig. 10 along with its reduced χ 2 value. For the GCs in NGC 5128 we were able to obtain additional bimodal and/or trimodal fits with nearly equal reduced χ 2 values for [Z/H] and [α/Fe] indicating that they are also fit well by these alternate modalities.
Ages of the GCs in NGC 5128
The age estimates provided by the iterative code enable us to distinguish among old (> 8 Gyr), intermediate (5 − 8 Gyr), and young (< 5 Gyr, forming at z ≤ 1.2)) stellar populations within our uncertainties. The Gaussian fits to the NGC 5128 data suggest two or three major bursts of cluster formation within this galaxy and a rejection of the single burst solution. More specifically, 68% of our sample have old ages, 14% have intermediate ages, and 18% have young ages. For the Milky Way GCs, interestingly, the best statistical fit is a bimodal distribution, with both peaks at nearly the same formation time in agreement with the results of Marín-Franch et al. (2008) . A Kolmogorov-Smirnov statistical comparison test indicates the normalized age distributions of NGC 5128 and Milky Way GCs are different at greater than a 99% confidence level.
Also in Fig. 10 is the histogram of all 64 Milky Way GCs obtained by Marín-Franch et al. (2008) . Their results are ∼ 1 Gyr older on average than our ages obtained using the Lick index method (see Fig. 9 ). Our spectroscopic Lick index study also shows a small extension to younger ages for the Milky Way clusters, not seen in Marín-Franch et al. (2008) . However, out of the 6 Milky Way GCs for which we have measured ages < 10 Gyr, only 3 of these were measured by Marín-Franch et al. (2008) .
In contrast to NGC 5128, it appears nearly all GCs in the Milky Way have formed primordially, with a small fraction of younger GCs, perhaps obtained from the accretion of satellite galaxies. We do detect a positive agemetallicity slope relation in the Milky Way clusters, also noted by Mendel et al. (2007) . The 41 Milky Way GCs have a mean of 11.3 ± 0.1 Gyr and only one GC (NGC 6553) has a determined age less than 8 Gyr. This particular result could be illustrating one of the generic problems with using SSP models to derive internal properties of GCs from integrated light spectroscopy. NGC 6553 has been shown to be an old GC (Ortolani et al. 1995) and one of the most metal-rich (Barbuy et al. 1998) in the Milky Way. Our results do provide a metal-rich [Z/H] value of 0.14 ± 0.01, but it is the youngest of our sample (6.7 ± 0.2 Gyr). The result indicates once again that this methodology could be underestimating the ages of the metal-rich GCs. This could, in part, be attributed to horizontal branch stars and blue stragglers that have been shown to mimic a younger stellar population (Burstein et al. 1984; Cenarro et al. 2009 ). These hot stellar populations are incorporated into SSP models, however are still based on individual star spectroscopy within Milky Way GCs, whereas here, we are using integrated spectroscopy. However, NGC 6553 is projected onto the bulge stellar population of the Milky Way as it sits in Baade's Window. In this region, a good background subtraction is crucial as to not artifically enhance the measured Lick indices, particularly the Balmer lines. Alternatively, or perhaps in conjunction with, NGC 6553 has a high blue straggler specific frequency with evidence for spatial variation (see Figure 12 of Beaulieu et al. 2001) . NGC 6553 also has an anomalously blue horizontal branch for its high metallicity that could influence the Lick measurements depending on where the study focused in the GC itself, leading to a over or undersampling of the true GC blue straggler contribution.
Metallicities of the GCs in NGC 5128
The GCs in NGC 5128 used in this study were biased towards more enriched metallicities based on our selected field location concentrated towards the inner 10 ′ . We find over 65% of GCs have [Z/H]> −1, while larger samples of GCs in NGC 5128 show a near 50-50% split between the metal-rich and metal-poor cluster population (see Woodley et al. 2005 , for example). This stems from the metallicity gradient where the metal-rich GCs are more centrally concentrated than the metal-poor (see Woodley et al. 2005 Woodley et al. , 2007 Beasley et al. 2008 ). This bias leads to an artificial inflation of young, metal-rich GCs relative to the entire halo. In addition, we would expect the inner few arcmins of the galaxy to show the largest range of ages and formation timescales because accreted material will sink to the central regions of the galaxy.
We compare the different Gaussian distributions of color and metallicity obtained from this study in Figure 11 using our sample of 68 GCs in NGC 5128 that have both metallicity obtained from the SSP models as well as available color information. The color distribution, (C-T 1 ) , and the metallicity, [Fe/H] C−T1 , obtained from a color transformation, are plotted. This transformation of color-to-metallicity has been calibrated through Milky Way GC data (Harris & Harris 2002 ). We use a foreground reddening value of E(B -V) = 0.11 for NGC 5128, corresponding to E(C-T 1 ) = 0.22 for the transformation. This transformation is slightly nonlinear so the uncertainty in [Fe/H] is a function of metallicity. The uncertainties for a typical color uncertainty of 0.1 are ±0.07 dex in the metal-rich and ±0.2 dex in the metal-poor regimes. Both distributions are clearly bimodal.
We also plot the synthetic [MgFe] ′ index for the same set of GCs, which is an almost pure metallicity indicator, shown to be weakly sensitive to age and insensitive to [α/Fe] ( Thomas et al. 2003) . The [MgFe] ′ index is measured directly from our spectroscopy and thus, model independent. The [MgFe] ′ distribution is adequately fit by a bimodal model, as are the Milky Way GCs, also plotted in Fig. 11 . We also fit the [MgFe] ′ index for the NGC 5128 GCs with a unimodal distribution and obtain a reduced χ 2 value of 1.02, which is significantly different than the bimodal fit. The metallicity distribution obtained from the SSP models, [Z/H], shown in Fig. 10 , for the clusters in NGC 5128 is consistent with a bimodal distribution, but it is not strongly preferred over other possible distributions. Yet, with the shape of the metallicity index [MgFe] ′ distribution, we can state that both the metallicity (obtained directly from high-S/N spectroscopy) and the color distributions for the same sample of GCs, both appear bimodal. Yoon et al. (2006) have shown that a bimodal metallicity distribution can be an artifact of the non-linearity in the transformation from metallicity to color (see also Cantiello & Blakeslee 2007) . We show here that the GCs in NGC 5128 have a bimodal color and a bimodal [MgFe] ′ index, which is independent of any transformation between color and metallicity. This finding is further supported by the recent observations of Spitler et al. (2008) who show strong evidence for color bimodality in NGC 5128 GCs from R band to mid-IR band observations, which are insensitive to hot horizontal branch stars, and thus a good indicator of metallicity as well.
We calculate the iron abundance for the GCs in NGC 5128 obtained from the SSP models (see equation 4 in Thomas et al. 2003 ) and compare to that obtained from the color conversion discussed above, [Fe/H] C−T1 for the GCs in NGC 5128, shown in Figure 12 . We perform a best linear fit which has an rms of 0.36 (after removal of deviant points based on the Chauvenent Criteria (Par-ratt 1961)). The correlation does not match a 1:1 relationship as expected for direct comparison between the two values. It appears either [Fe/H] determined from the models is too metal-rich, or the [Fe/H] C−T1 values obtained from the color conversion are too metal-poor. This could be the result of the small non-linearity in the color-to-metallicity conversion or a progressive change in alpha abundance with metallicity.
In Figure 13 , we show [Z/H] as a function of age. The majority of GCs in NGC 5128 and the Milky Way share the same relative ages in our study, but NGC 5128 contains a number of intermediate-age and young GCs. The spread in age that we find for NGC 5128 GCs is almost purely from the metal-rich subpopulation. We find, specifically, that 92% (23/25) of metal-poor GCs and 56% (26/47) of metal-rich GCs in NGC 5128 have ages > 8 Gyr. We may see evidence for an age-metallicity relation, however, no strong conclusions can be drawn from our results because of the large biases in our selected GC sample.
Massive elliptical galaxies, including NGC 5128, show a super metal-rich peak observed in the [Z/H] distribution of GCs. This metal-rich peak has been predicted by the spatially resolved chemical evolution code of elliptical galaxies (Pipino & Matteucci 2004; Pipino et al. 2007) and closely matched the spectroscopically determined metal-rich [Z/H] distribution of a representative sample of elliptical galaxies ). Their models indicate that this super metal-rich GC peak found in massive elliptical galaxies could be the result of a parent galaxy that has radially varying photochemical properties resulting from the outside-in formation mechanism (Pipino & Matteucci 2004; Pipino et al. 2006) . In addition to the radially varying metallicity of the galaxy (and of the GCS), the massive elliptical would have undergone a violent merger history.
The photometric metallicity for the stellar halo for NGC 5128 is also shown in Fig. 11 for an inner region at 8 kpc and a combined outer halo field of 21 and 31 kpc, at a maximum extent of ∼ 7R eff of the galaxy (Harris & Harris 2000 Rejkuba et al. 2005) . What is strikingly evident is that the stellar halo and GC populations have very different metallicity distributions in the regions studied. The GCs plotted are all within ∼ 20 kpc from the center of NGC 5128 and we are thus comparing clusters in relatively the same projected region as the inner stellar halo. The stellar halo peaks in metallicity near −0.4 dex, coinciding with the major high metallicity peak for GCs. However, ∼ 35% of GCs have [Z/H]< −1, and only < 10% of the stellar halo falls in this metalpoor regime, nearly identical to the statistics found by Beasley et al. (2008) .
The contrast in metallicity distributions of the stellar and GC population requires explanation. We must be able to show in galaxy formation models why there is such a contrast between two populations that are likely to have formed during the same events of formation. One possibility is destruction efficiency differences between the two populations, where the more metal-rich GCs are destroyed with a higher fraction compared to the metalpoor GCs. However, the destruction of GCs would only dominate in the center regions of the galaxy and there are plenty of metal-rich GCs in the outer halo as well. One could also consider the destruction of metal-poor GCs being extremely high in the inner halo only. In this scenario, the metal-poor GCs would have to have different structure than the metal-rich GCs which would allow them to be destroyed in the inner regions. This is not supported by the structure of the metal-poor GCs in the outer regions which would have survived, but do not show any major structural differences (Gómez & Woodley 2007) .
Another possibility is that the formation efficiency of metal-poor GCs to metal-poor stars is much higher than the formation efficiency of metal-rich GCs to metal-rich stars within the same galaxy (Harris & Harris 2002; Peng et al. 2008 ). We could also be examining a biased sample of the stellar population. The inner region of the galaxy light is dominated by the metal-rich stellar spheroid, built up by merging events. In this scenario, it may be possible to detect a low metallicity stellar population that formed before or at the onset of hierarchical merging, within pregalactic clouds condensing in the outermost regions of the galaxy. We would expect to find this stellar halo population if we were to examine the stellar halo at much further distances from the center of the galaxy. Studies of M31 (Kalirai et al. 2006 ) and NGC 3379 ) have shown a transition from a metal-rich to metal-poor stellar population at a galactocentric distance of 12R eff . For NGC 5128, this corresponds to a distance of 65 kpc along the isophotal major axis and 45 kpc along the isophotal minor axis, assuming an axial ratio of b/a = 0.77. If this transition were detected in NGC 5128 also, it would have strong suggestions for galaxy formation. We hope to conduct an outer-halo search for these low-metallicity stars with upcoming data.
Alpha-to-Iron Abundance Ratios
The abundance of α-elements compared to that of Fetype elements can provide information on the formation timescale and chemical history of the gas cloud from which the GCs form. Supernova type II events produce an overabundance of α-elements in relation to Fe-peak elements and occur over a short progenitor lifetime (a few 100 Myr). Supernova type Ia events enrich the interstellar medium after ∼ 1 Gyr and produce Fe-peak elements in preference to α-elements. When both type II and Ia (or only type Ia) are occurring the [α/Fe] ratio decreases. The abundance ratio therefore tells us whether the GCs formed over a long or short timescale (Tornambé & Matteucci 1986) and it also tells us the chemical composition of the cloud at the time of GC formation. Fig. 10 shows distribution of [α/Fe] obtained from the SSP models is best fit by a unimodal Gaussian distribution. The NGC 5128 GCs have on average a lower [α/Fe] than the Milky Way GCs, indicating slower formation times at every given metallicity, as shown in Fig. 13 . We also examine age as a function of [α/Fe] in Fig. 13 and clearly see a wider spread in [α/Fe] among the older GCs in NGC 5128 than among those with ages < 8 Gyr. A comparable spread is also seen in the Milky Way GCs, however shifted to higher α-element enhancement. The low [α/Fe] values in the NGC 5128 GCs are seen to occur over their full age range. The GCs in NGC 5128 could have undergone prolonged formation timescales compared to the GCs in other giant systems. The GCs with older ages have a wider spread in [α/Fe] extending to higher values than GCs with younger ages in NGC 5128. The older GCs within NGC 5128 may have formed within a faster burst or collapse, on average, than the younger GCs within NGC 5128.
DISCUSSION
Thus far the ages of GCs determined spectroscopically have made it difficult to support one clear dominant formation scenario for galaxies. The general trend appears to show the majority of GCs in galaxies are old, with spectroscopic ages greater than 8 Gyr from early-type galaxies to dwarf galaxies (Puzia & Sharina 2008; Puzia et al. 2005a; Strader et al. 2005; Kissler-Patig et al. 1998; Frobes et al. 2001 ). However, some galaxies also have noticeable components of intermediate and young populations of GCs (Mora et al. 2008; Puzia et al. 2005a; Larsen et al. 2003; Strader et al. 2003; Goudfrooij et al. 2001) , forming along with perhaps the major starbursting activity in the galaxy. The issue is complicated further by environmental dependencies of GCs. Earlytype galaxies, such as giant ellipticals, show a higher relative number of GCs per unit luminosity, the specific frequency (Harris & van den Bergh 1981) , than spiral galaxies, which in turn generally have a higher specific frequency than dwarf galaxies (see however Peng et al. 2008 , who show that GC fractions for low-mass systems are strongly environmentally dependent). Studies, therefore, tend to concentrate on the most massive galaxies where there is a higher quantity of GCs present, such as this study. These studies are also generally biased towards the brightest and more centrally concentrated GCs in the massive distant early-type galaxies to minimize telescope time and maximize the number of GCs in the sample. This can lead to a spatially biased samples of metal-rich and younger GCs. In the case of NGC 5128, studies with larger, more representative samples of GCs across its entire halo show there is a near 50-50 split between metal-rich and metal-poor GCs (Woodley et al. 2005; ) with the metal-rich population being more centrally concentrated than the metal-poor Woodley et al. 2007 Woodley et al. , 2005 Peng et al. 2004a) .
A previous study in NGC 5128 conducted by Peng et al. (2004a) used UBV photometry of GCs obtained with the CTIO 4-meter telescope as well as spectra from the HYDRA instrument to examine GC ages. Although their photometric data suffered from the age-metallicity degeneracy for objects older than 2 Gyr, they were able to show from the photometric indices and the Bruzual & Charlot (1993) models that the metal-poor GCs appear to be between 12-15 Gyr old. They also found 2 young GCs, GC0084 (HGHH-G279) and GC0103 (pff gc-029), with ages ≤ 1 Gyr, the latter of which is associated with a young, blue tidal stream (Peng et al. 2002) . Using spectra obtained with signal-to-noise of at least 40 per resolution element calibrated to the Lick index system, Peng et al. (2004a) compared the measured indices to Thomas et al. (2003) SSP models. Their results indicated that the metal-poor GCs in NGC 5128 have ages ranging between 8-15 Gyr, and the metal-rich GCs have a large range extending between 1-10 Gyr, with 1/3 of their sample greater than 8 Gyr. They also indicate that all the GCs studied have alpha enhancement similar to the Milky Way GCs.
A more recent age, metallicity and alpha-to-iron abundance study of the GCs in NGC 5128 has been performed by Beasley et al. (2008) . For 147 GCs extending out to 40 ′ , they were able to obtain spectra using the 2dF instrument on the AAT with signal-to-noise of 30 perÅ. Their spectra are compared to two sets of SSP models, Lee & Worthey (2005) and Thomas et al. (2003) including the higher-order Balmer line corrections of Thomas et al. (2004) . We cannot compare our results directly for GCs in common with Beasley et al. (2008) as age, metallicity, and [α/Fe] model derived results were not tabulated. They do present empirically derived metallicities for a large fraction of GCs in NGC 5128, however, that are model independent. These are derived from the dependency of known metallicity with Lick index measurements from the Milky Way GCs (please see Beasley et al. 2008 , for more details). We have 28 GCs in common with their study (with reasonable uncertainties of δ[M/H]< 0.5) and we plot the comparison in Figure 14 . There is scatter about the 1:1 relationship with an rms of 0.25 dex. We can also compare our model derived ages, metallcities, and [α/Fe] to their graphical results. Their results show that ∼ 85 − 90% of the GC sample is old, with ages similar to the Milky Way GCs. They find an intermediate aged population of 4-8 Gyr that constitutes ≤ 15% of their sample dominated by metal-rich GCs. One very young GC, GC0084 (HGHH-G279) with an age of ∼ 1 − 2 Gyr was found. The GCs have lower alpha abundances than the Milky Way GCs at a given metallicity.
We find similar results to both previous spectroscopic studies in NGC 5128, although we do not find either as high a fraction of metal-rich GCs with young ages as do Peng et al. (2004a) or as low a fraction of young GCs as Beasley et al. (2008) . From our sample, we find 13/72 (18%) of the clusters have ages less than 5 Gyr, and none less than 3.5 Gyr, including GC0084 for which we obtained a more intermediate age of 6.2±0.4 Gyr. All studies do show that the majority of GCs in NGC 5128 have ages greater than 8 Gyr, similar to those in the Milky Way. An important finding, strongly reinforcing that of Beasley et al. (2008) , is that a majority of both metal-poor (92%) and metal-rich (56%) GCs have old ages. We do not find a strong indication that metal-rich clusters formed exclusively at slightly later times than the metal-poor GCs as suggested by the multiphase in situ scenario (Forbes et al. 1997) . However, the range of [α/Fe] for the old GCs is large, indicating perhaps a range in formation timescale and/or strong chemical variance during the primordial phase. Also the SSP models themselves have limited ability to distinguish between GCs of old ages (see Fig. 7 ). We also do not find that all metal-rich GCs are old as would be expected in an accretion scenario. In this scenario, the metal-rich GCs are formed in a massive seed galaxy, and metal-poor GCs are accreted through metal-poor dwarfs (Côté et al. 1999 (Côté et al. , 2000 (Côté et al. , 2002 . But our study indicates a population of intermediate (14%) and younger (18%) GCs, the large majority of which are metal-rich. These younger clusters do not appear to have formed primordially and it seems more probable to suggest they built up by merging events later in the evolutionary history of the galaxy.
The supersolar [α/Fe] for GCs in NGC 5128 indicates a rapid formation of both metal-rich and metal-poor GCs, with a mean value of 0.14±0.04. However, the formation timescales of these GCs are on average slower than those in other elliptical galaxies and more along the lines of spiral and lenticular galaxies ). In the sparse environment of NGC 5128, the formation of the more metal-rich GCs could be extended over a longer timescale, supported by both the range of ages for the red GCs and the low [α/Fe] values compared to other giant galaxies.
Different formation scenarios predict different absolute and relative ages of metal-rich and metal-poor GCs. The hierarchical model of accretion and merging of smaller subunits to build larger structures over time suggests that both metal-rich and metal-poor GCs with ages ≥ 9 Gyr might be found in a giant galaxy. The semi-analytic models of Beasley et al. (2002) showed in the hierarchical formation scenario of galaxies that the metal-rich GCs were younger than the metal-poor GCs, with mean ages of 9 and 12 Gyr, respectively. However, extended metalrich GC formation can take place in the galaxy merging model (Schweizer 1987; Ashman & Zepf 1992) forming GCs down to the present redshift.
On the formation history of GCs, our results indicate that the majority of today's GCS in NGC 5128, both metal-rich and metal-poor, have formed early and are coeval within the uncertainties of our age determinations, likely forming with the bulk of the galaxy field stellar populations. However, this last point is entirely based on integrated-light properties of the diffuse galaxy light as current work with color magnitude diagrams does not go deep enough to reach the main sequence turn-off or sub-giant branch of an intermediate-age sub-population. In any case, we see trends towards younger GC ages with increasing metallicity which is supported by the hierarchical merging scenario.
A formation scenario by Strader et al. (2005) , combining the in situ (Forbes et al. 1997 ) and accretion scenarios (Côté et al. 1999 (Côté et al. , 2000 (Côté et al. , 2002 , is also consistent with our findings. The metal-poor GCs could have formed in small halos in the early universe until their formation was truncated by the reionization process (Santos 2003) . The field stars and metal-rich GCs could then form in massive early-type galaxies. The old ages obtained for the stellar population in the NGC 5128 stellar halo (Rejkuba et al. 2005; Harris 2008 ) support this scenario as well. In this case, the youngest GCs that are found in NGC 5128 could be produced in more recent merging events.
CONCLUSIONS
Using the Gemini South 8-meter telescope with GMOS, we obtained spectra of GCs in NGC 5128 to obtain radial velocities, ages, metallicities, and alpha-toiron abundance ratios. The main results from this study are:
• We discovered 35 new GCs from radial velocity measurements as well as remeasuring radial velocities for 101 previously confirmed GCs.
• • We also find both the Washington color and spectroscopic synthetic metallicity index [MgFe] ′ show a bimodal distribution for the GCs, indicating that there are two distinct metallicity subpopulations.
• The [α/Fe] for the GCs are super solar, but not as large as in the Milky Way. We suggest that the GCs in NGC 5128 formed on slower timescales than GCs in the Milky Way and other massive elliptical galaxies ).
Our results support a scenario with a rapid, early formation of the bulk of the GCS and significant subsequent major accretion and/or GC-and star-forming events in more recent times. We note that our relatively high fraction of metal-rich and young GCs is likely biased because we probed the inner regions of NGC 5128 and observed mainly the brightest GCs. We consider our results, therefore, to be a fractional upper limit on the number of metal-rich and young GCs in NGC 5128. The quoted radial velocity is a weighted average. The individual measurements were 655±69 for m=2,s=10 and 687±52 for m=7,s=07. c The quoted radial velocity is a weighted average. The individual measurements were 410±46 for m=7,s=05 and 398±34 for m=6,s=22. Table 2 (open histogram) and the newly discovered GCs in Table 3 (hatched histogram) . Middle: A comparison of radial velocities of GCs measured twice with GMOS. The lines are a 1:1 (solid) and a least square fit with slope = 1.04 and y-intercept = 1.071 with an rms error of 34 km s −1 about the line. Bottom: The radial velocity of the GCs measured with GMOS compared to the cataloged velocity from Woodley et al. (2007) and from M. Gómez & K. A. Woodley (2009, in preparation) . The lines are a 1:1 (solid) and a least squares fit with slope = 0.76 and y-intercept = 147.5 with and rms error of 72 km s −1 about the line. The open triangles are GC0049 (measured once before from Peng et al. (2004b) ) and GC0188 and GC0226 (both measured once before in Beasley et al. (2008) , removed from the fit. Beasley et al. (2008) , which have been calibrated to the Lick index system. All globular clusters within 2σ of the mean shift between the two systems were kept for the fit. The dashed line is the one-to-one line and the dotted line is the mean shift with a slope of one. Within the scatter of the two datasets, the mean shift is a valid correction to the Lick index system. −1 (red circles) and the Milky Way data (Schiavon et al. 2005; Puzia et al. 2002 ) (blue squares). The SSP models are from Thomas et al. (2003 Thomas et al. ( , 2004 and the Balmer line diagnostic plots are for the grids of [α/Fe]= 0.0 dex. The bootstrapping uncertainty is attached to each point and the systematic uncertainty is indicated by the blue cross in the corner. −1 (red circles) and the Milky Way data (Schiavon et al. 2005; Puzia et al. 2002) (blue squares). The SSP models are from Thomas et al. (2003 Thomas et al. ( , 2004 and the Balmer line diagnostic plots are for the grids of [α/Fe]= 0.0 dex. The bootstrapping uncertainty is attached to each point and the systematic uncertainty is indicated by the blue cross in the corner. Fig. 9 .-A comparison of the ages of 24 Milky Way GCs in common between this study and that of relative age main sequence fitting of Marín-Franch et al. (2008) . A 1:1 solid line is shown as well as the least squared fit (dashed line) with a slope and intercept of 0.2 ± 0.1 and 10.0 ± 1.6 and an rms= 0.97. Fig. 10 .-The age (top panels), metallicity (middle panels), and [α/Fe] (bottom panels) distribution functions for 72 GCs in NGC 5128 (left) and for 41 Milky Way GCs (right) derived from the SSP models of Thomas et al. (2003) with varying α-elemental abundance (Thomas et al. 2004 ). The summed best fit Gaussian distributions are overplotted (solid line), with reduced χ 2 values indicated. The fits are listed in Table 7 . The cross-hatched histogram in the Milky Way age distribution is the result from Marín-Franch et al. (2008) , with best fit bimodal distribution (dot dashed line of (0.44±0.09,11.07±0.63,1.52±0.25) and (0.56±0.09,12.71±0.20,0.59±0.22) with reduced χ 2 = 0.21. (Schiavon et al. 2005; Puzia et al. 2002) . The hatched blue histogram is for the combination of all available NGC 5128 data from this study with S/N> 30Å and from Beasley et al. (2008) . No duplicate GCs are used in this plot, totalling 174 GCs. Bottom right: The metallicity obtained from the SSP models (Thomas et al. 2003 (Thomas et al. , 2004 . The best fit distributions are shown in Fig. 10 . Overplotted are the distributions of the stellar halo in NGC 5128 for the inner halo, 8 kpc (red open histogram) and the combination of two outer fields at 21 and 31 kpc (dashed blue histogram) (Harris & Harris 2000 Rejkuba et al. 2005) . (Parratt 1961 ). It appears there is not a direct one-to-one correlation either due to potential non-linearity in the color-to-metallicity conversion or due to the model interpolation. Fig. 13 .-Metallicity as a function of age (top) and α-to-Fe abundance ratio (middle), and age as a function of α-to-Fe abundance ratio (bottom) obtained from the SSP models of Thomas et al. (2003) with varying α-elemental abundance (Thomas et al. 2004 
